Objectives. We assessed chlamydia trends, individual-level risk factors, and population-level area-based socioeconomic measures (ABSMs) associated with chlamydia infection in women attending U.S. Public Health Service (PHS) Region X Infertility Prevention Project (IPP) family planning (FP) clinics from 1997-2006. We then explored these measures within racial/ethnic subpopulations.
Surveillance and prevalence monitoring systems play an essential public health function in describing and evaluating the burden of chlamydial infection in the United States. 1 Ideally, these data can help characterize geographic, gender, age, socioeconomic, and racial/ ethnic inequities associated with this highly prevalent sexually transmitted infection (STI). 2, 3 Differences in STI estimates by racial/ethnic groupings are consistently evident in these case surveillance and regional, state, and local prevalence monitoring systems. [4] [5] [6] [7] [8] Since 1988, the Region X Infertility Prevention Project (IPP), a prevalence monitoring system, has implemented screening and treatment for Chlamydia trachomatis within U.S. Public Health Service (PHS) Region X states (Alaska, Idaho, Oregon, and Washington). 9 Consistent with U.S. Centers for Disease Control and Prevention (CDC) guidelines, the Region X IPP recommends chlamydia testing for all female clients aged ,25 years seen at family planning (FP) clinics. [10] [11] [12] From 1988 through the mid-1990s, chlamydia positivity in the IPP among female FP clients aged 15-24 years declined by more than 60%. 13 However, the differential in disease estimates by racial/ethnic categories actually increased. In 1988, chlamydia in black FP clients was 62% higher than in white clients (16.4% vs. 10.1%), and this differential increased to 100% by 1996 (7.0% among black clients vs. 3.5% among white clients). From 1997-2004, chlamydia positivity among Region X IPP FP clinic clients increased, and differences between white and nonwhite clients remained. 14 Recent frameworks to explain racial/ethnic disparities in STIs have focused on multilevel models with individual-and population-level factors. [15] [16] [17] These models have varied in their nomenclature and structure, but generally include social determinants (e.g., measures of community poverty, crime, residential segregation, health-care systems, and health-care access), neighborhood indicators (e.g., racial composition and social capital), sexual partnership and network characteristics (e.g., concurrency and mixing patterns), and individual risk behaviors (e.g., condom use). Socioeconomic conditions have been linked to racial/ ethnic STI differences. [18] [19] [20] Research has also examined individual-and household-level socioeconomic position (SEP), population density, and racial/ethnic aggregate variables when assessing health disparities. [21] [22] [23] [24] Finally, ecological studies have linked social determinants and STI rates. 25, 26 Prevalence monitoring programs, including IPP, do not capture data on social determinants, sexual networks, or individuals' SEP. 27 Efforts to measure population-level indicators and integrate them with individual-level STI test records are evolving, but pose complex issues. 16 Measuring individual-and household-level SEP has been challenging, particularly when ascribing class status to adolescents or to women not employed outside the home. 28 One approach to operationalizing population-level social determinants uses aggregate information about clients' residential areas. 29, 30 These area-based socioeconomic measures (ABSMs) have been calculated for various geographic units, including U.S. Census block groups, tracts, and ZIP codes. Census tracts may be the optimal aggregate level, but evidence suggests that estimates of STI case rates across selected ABSM gradients are relatively comparable for census and ZIP-code aggregation levels. 31, 32 Population-level ABSMs measured at the ZIP-code level can be linked to Region X IPP test records via the latter's client residential ZIP code.
Our goal was to assess whether race/ethnicity was a marker for other factors (e.g., SEP) related to STI acquisition among female clients attending Region X FP clinics. Study objectives were to (1) assess associations and temporal trends among individual-level risk factors, population-level social determinants, and chlamydia positivity in women aged 15-24 years tested at Region X IPP FP clinics from 1997-2006; and (2) explore these measures within racial/ethnic subgroups. We focused on 1997-2006 because the Region X IPP's second decade saw a marked shift in chlamydia trends relative to the first 10 years. This period also allowed use of newly developed U.S. Census 2000 methods for estimating social determinants with postal ZIP codes.
METHODS

Data sources
IPP individual-level chlamydia test records.
We identified 201 IPP FP clinics providing chlamydia testing during 1997-2006. The total population contained 737,691 test records for women aged 15-24 years, of which 667,223 records (90%) included valid Region X ZIP codes. All sites used a common clinic/laboratory form. Clinic staff collected patient data via interview during service provision. Measures included age; race; ethnicity; residential ZIP code; specimen collection date; having had a sex partner with chlamydia as FP clinic visit reason; self-reported behavioral risks in the last 60 days (i.e., new sex partner, multiple partners, or symptomatic partner); condom use at last sex; having had chlamydia in the past year; clinical findings consistent with an STI (e.g., cervicitis, ectopy, or pelvic inflammatory disease); and diagnostic test type and result. We developed a joint race/ethnicity measure. 33 Records identified as Hispanic ethnicity-regardless of race-were assigned to race/ethnicity's Hispanic category. 34 Racial and Hispanic ethnicity counts came from SF1 tables P1, P7, and P11. Aggregate demographics were calculated as the percentage of the population identifying as part of a racial minority group and as Hispanic ethnicity. Given limited racial minority populations, we could not generate race-specific ABSMs. SF3 ABSMs included median household income (P53), percentage of the population below 100% of the federal poverty level (FPL) (P87), and percentage of the population aged $25 years without a high school diploma (P37). Aggregate interval-level social determinants were categorized consistent with prior research and item distributions. 29 Median household incomes were recoded into quintiles within each state. We categorized urban-rural status via RUCA values for ZIP codes (n51,832). 35 RUCA codes are based on census tract population densities as well as primary and secondary work-commuting flow characteristics. Census tract RUCA values also were approximated at the ZIP-code level. Census and RUCA measures were merged with test records via client ZIP code.
Laboratory methods
Four state public health laboratories, a county health district laboratory, and the University of Washington Chlamydia Laboratory performed Region X IPP testing. Nucleic acid amplification technology (NAAT) tests included ligase chain reaction (LCx, Abbott Laboratories, Abbott Park, Illinois); target capture-transcription mediated amplification (TC-TMA) assays (Aptima Combo 2 ® , Gen-Probe, Inc., San Diego, California); and the latter's first-generation TMA. Non-NAATs included enzyme immunoassays (MicroTrak II ® , Siemens Healthcare Diagnostics [formerly Dade Behring/Syva], Deerfield, Illinois); nucleic acid hybridization tests (Pace ® 2, Gen-Probe, Inc.); nucleic acid hybridization assays (Digene Hybrid Capture ® 2, Qiagen, Germantown, Maryland); and cell culture.
Statistical analyses
We calculated observed chlamydia positivity by dividing the number of positive tests by total positives and negatives, multiplied by 100. Positivity was stratified by demographic, behavioral, and aggregate characteristics ( Table 1) . We summarized relationships between chla-mydia and individual-and population-level factors with odds ratios (ORs), 95% confidence intervals (CIs), and associated p-values, each generated by a generalized mixed model with logistic link, incorporating clinic as a random effect (to account for records clustering by clinic) and, for ABSM covariates, ZIP code as a random effect (to account for potential clustering and correlation of responses at the ABSM level). 36 Adjusted ORs (AORs) and 95% CIs were also estimated with a generalized mixed model, first including individual-level factors and then adding population-level measures.
We evaluated interactions between race/ethnicity and each covariate to assess whether chlamydia associations were comparable across subpopulations. Because most interactions were significant, we generated racial/ethnic-specific models with associated AORs and 95% CIs. For the Figure (Panels 1 and 2), we evaluated the significance of temporal trends for selected characteristics with a generalized linear mixed model with logistic link, clinic as random effect, and years since 1997 as predictor. In Panel 3 of the Figure, we used laboratory test sensitivities and specificities to calculate racial/ethnic annual adjusted chlamydia positivities. 13 A two-sided p-value ,0.05 was considered statistically significant. We performed analyses using SAS ® version 9.2. 37
RESULTS
Univariate analyses-risk factors and chlamydia
Of the 667,223 uro-genital chlamydia tests completed during 1997-2006 at Region X IPP FP clinics, most were performed on women aged 20-24 years (53%) and white women (75%) ( Table 1) . Nine percent of women tested reported more than one sex partner, 22% reported a new sex partner, and 2% reported a symptomatic partner during the last 60 days. About 23% had used a condom at last sex. Only 1% of tests were performed on women reporting chlamydia exposure as a reason for their clinic visit. Four percent indicated a positive chlamydia test within the past year, while 6% had clinical findings consistent with an STI. Overall chlamydia positivity was 5.4%.
For individual-level factors, chlamydia positivity was higher among tests of adolescents, women reporting sexual risk behaviors, women who had clinical findings consistent with an STI, women indicating a chlamydial infection in the past year, and women with known contacts to someone with chlamydia; positivity was lower among tests of women reporting condom use at last sex. Slightly more than half (55%) of women tested reported no individual-level risks (i.e., history of chlamydia in the past year, recent sexual risk behaviors, Public Health Reports / January-February 2012 / Volume 127 chlamydia exposure as visit reason, or clinical findings consistent with an STI), ranging from 44% among black women to 62% among Hispanic women. For these tests among lower-risk women, chlamydia positivity by race/ethnicity varied: 3.1% of white, 4.2% of both Asian/Pacific Islander (A/PI) and Hispanic, 6.0% of American Indian/Alaska Native (AI/AN), and 8.0% of black women had positive tests (data not shown).
Regarding SEP ABSMs, 8% of tests came from areas representing each state's lowest quintile for median household income; 28% of tests came from ZIP codes ranked in the highest quintile. Nine percent were in ZIP codes identified with areas where $20% of the population was living below the FPL, and 19% came from areas where $20% of the adult population did not have a high school diploma. For racial and ethnic ABSMs, about 30% of tests came from areas where $20% of the population belonged to racial minority groups, and 7% came from ZIP codes with $20% Hispanic population. Urban areas accounted for 79% of tests (Table 1) .
For SEP ABSMs, the gradient of chlamydia positivities ranged from 5.3% in the highest median income quintile to 5.9% in the lowest income quintile. Chlamydia positivity increased modestly as population poverty levels increased, ranging from 5.0% for tests from areas with ,5% of the population living below the FPL to 5.6% for areas where $20% of the population was below the FPL. Chlamydia positivity also increased as level of education decreased: tests from areas with ,5% of adults without high school diplomas had lower positivity (4.0%) than those from areas with $25% of adults with limited schooling (7.2%). For racial minority and Hispanic ethnicity ABSMs, the gradient of chlamydia positivities was steeper-ranging from 4.2% for tests in ZIP codes with ,5% racial minority population to 8.2% in areas where $40% of residents were of nonwhite race. Areal Hispanic population and chlamydia varied from 4.8% positivity for areas with ,5% Hispanic population to 7.5% positivity for areas with $25% Hispanic population. Finally, chlamydia positivity was highest in cities (5.6%), falling to 4.2% in isolated rural regions (Table 1) .
Racial/ethnic differences and trends
Individual-level measures. Table 2 provides racial/ethnic differences on individual-and population-level areal measures. Tests from Hispanic clients had the lowest proportion of adolescents aged 15-19 years (37%). AI/ AN women were most likely to report recent multiple sex partners (15%), followed by black women (11%); tests from these two racial/ethnic minority groups also ranked relatively high on other risk measures-e.g., prior chlamydia infections in the past year, having a symptomatic sex partner in the last 60 days, and chlamydia exposure as a visit reason. Hispanic and white women ranked lowest for these three factors, although the range across all groups was often limited.
For ABSMs, tests among AI/AN women were more likely than other groups to fall within the lowest quintile for household median income (15%), followed by Hispanic women (11%). Similarly, 14% of AI/AN tests came from areas where $20% of the population was below the FPL, while other racial/ethnic groups had fewer tests (8%-9%) from areas with high proportions of the population below the FPL. About 41% of Hispanic tests came from ZIP codes where $20% of the adult population did not have a high school degree. Tests among black clients were more likely to come from areas with $40% racial minority population (28%), compared with 3%-18% for other groups.
Almost a quarter of Hispanic tests came from areas with $20% Hispanic population, compared with 2%-5% for other groups. Finally, black and A/PI clients who were tested were more likely to reside in urban areas (95% and 94%, respectively) compared with other groups.
Temporal trends. The Figure provides temporal trends for selected project characteristics by race/ethnicity. Overall, records indicating a prior positive chlamydia test during the past year trended from 2.7% in 1997 to 4.7% in 2003, and then down slightly to 4.3% in 2006 (data not shown). In 1997, 2.3% of white clients tested and 7.0% of black clients tested indicated a prior positive chlamydia test during the past year. By 2006, 3.8% of white and 8.2% of black clients tested indicated prior infections. All racial/ethnic groups showed statistically significant increases in a prior positive chlamydia test during the past year (2%-5% annually) (Panel 1). For the total sample, tests among clients reporting multiple sex partners within the last 60 days trended from 8.5% in 1997 to 11.6% in 2002 before falling to 7.9% in 2006. In 1997, Hispanic women were least likely (3.8%) and black women most likely (11.6%) to report recent multiple sex partners. Over the 10-year period, this risk behavior fell significantly for all groups (2%-6% annually) except Hispanic women, for whom no change was found (Panel 2). Finally, chlamydia positivity adjusted for test type increased from 4.8% in 1997 to 7.5% in 
Multivariate analyses-risk factors and chlamydia
Racial/ethnic crude ORs were modestly reduced when individual-level covariates were added to the fullsample multivariate analysis. Relative to white women, chlamydia risk was still significantly higher for tests among black (AOR51.93), AI/AN (AOR51.62), A/PI (AOR51.42), and Hispanic (AOR51.28) women (data not shown). When population-level ABSMs were added to the individual-level model, racial/ethnic disparities did not change. Table 3 summarizes multivariate analyses within racial/ethnic populations (excluding the "other/multiracial" category). The effects of most individual-level measures varied across racial/ethnic populations. The impacts of these risk measures on chlamydia positivity were often weakest for black clients and strongest among white clients-e.g., exposure to chlamydia as a visit reason, having had multiple partners and/or symptomatic partners in the last 60 days, and having had a positive chlamydia test in the past year. The pattern of results was different for those reporting having a new sex partner, with results ranging from an 11% increase in predicted chlamydia among Hispanic women to a 47% increase among white women. All groups showed a much higher risk of testing positive if clinical findings consistent with an STI had been identified. Condom use at last sex did not vary across groups and its impact was modest.
For SEP ABSMs, the percentage of the population living below the FPL was positively associated with chlamydia for Hispanic clients (AOR51.07 per 5% increase). For most groups, increasing proportions of the adult population with low educational attainment yielded either stable or increasing chlamydia positivity. For Hispanic tests, however, as the proportion of people without a high school degree increased, chlamydia positivity fell (AOR50.94 per 5% change). Household median income was unrelated to chlamydia positivity across groups. The racial minority ABSM was associated with chlamydia for black women (AOR51.05 per 5% increase). The Hispanic ethnicity ABSM was associated with chlamydia for tests among Hispanic clients (AOR51.07 per 5% increase). These population-level racial and ethnic minority measures were unrelated to chlamydia for all other racial/ethnic groups.
Among white women, we found a significant 4% relative annual increase in predicted chlamydial infection, while chlamydia positivity over time did not change for racial/ethnic minority groups after adjusting for individual-and population-level measures. The decreases in disparities shown in Panel 3 of the Figure are, thus, a result of increasing positivity in white women and stable positivities in other groups, and this finding was not mitigated by adjustment for other factors.
DISCUSSION
From 1997-2006, chlamydia positivity at Region X IPP FP clinics ranged from 4.8% in white women to 10.3% among black women. Population-level areal socioeconomic measures were generally unrelated to chlamydia after accounting for individual characteristics, sexual risk behaviors, and clinical signs of infection. Racial and ethnic population ABSMs were associated with this STI for tests from black and Hispanic clients. Black women living in ZIP codes with $40% racial minority population had a 48% increased chlamydia risk compared with black women living in areas with ,5% racial minority residents. Hispanic FP clients' risk increased 40% when residing in areas where the Hispanic population was $25% relative to areas with #5% Hispanic population. However, white women living in more racially and ethnically diverse ZIP codes did not show significant increases in chlamydia positivity. These results point toward further work needed in IPP on client sexual partner and network characteristics, as well as other social determinants. [38] [39] [40] A few examples of potential measures include sex partner's race/ethnicity, concurrent partnerships, sexual network mixing patterns, and examination of community-level ABSMs not addressed in our analysis (e.g., percentage of single female heads of household and incarceration rates). The long-term challenges are threefold: (1) identifying a limited set of client sexual network indicators that can readily be collected during clinic visits and included in program databases, (2) facilitating the use of Census ABSMs with local clinic IPP information systems, and (3) developing effective interventions for clinic populations where network and population-level variables affect client STI acquisition.
We also found high chlamydia levels among tests of black and AI/AN women without any individual-level risk factors. This finding also suggests the need to characterize risks beyond individual client characteristics. But we acknowledge that our regional program captures a limited array of client risk indicators. The project could revisit whether other self-reported client behaviors or conditions (and their time frames) would be more relevant. Possibilities include substance use patterns, number of sex partners in the past year, number of steady/casual sex partners, and consistent condom use. It is important, though, to reiterate that FP clients' recent sexual risk behaviors Public Health Reports / January-February 2012 / Volume 127 
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Ref. were independently associated with chlamydia. Client risk-reduction counseling is still a potentially effective intervention with all young female FP clients. More broadly, our geocoded areal results provide an approach to enhancing FP chlamydia screening programs. In 2009, Region X Title X FP clinics screened only about 47% of female clients aged 15-24 years. 41 Funding challenges limit screening rates. Identifying factors within this client population to maximize yield with available resources could improve program efficiency and efficacy. Region X FP clinics could prioritize ZIP codes with higher proportions of racial/ ethnic minority populations as a practical way to inform decision-making about testing young FP clients, regardless of their race/ethnicity.
Large
Beyond the Northwest, the other nine regional IPPs in the U.S. currently collect client demographics and use young age as a screening criterion at FP sites. Their screening coverage levels are also modest (approximately 50%). Most of these programs do not capture client risk behaviors or clinical findings. Yet, seven other IPPs do collect client ZIP codes. Population-level ABSMs could be generated from Census data and linked to client IPP test records, and chlamydia gradients could be assessed for clinics' client populations. If those STI test result gradients-on whichever social determinants were operationalized-were relatively steep among adolescent and young adult patients, for example, then clinics' age-based screening criteria could be augmented to prioritize specific residential areas. This type of data analysis could provide an empirical basis to increase case finding when universal screening is not practical.
Finally, we must consider the increase in chlamydia over time among white FP clients. Possible explanations have already been mentioned-i.e., other unmeasured individual risk behaviors, partner characteristics, and sexual network indicators. Two broader factors may also play roles. First, there may have been changes in the community composition or the types of young female residents who sought FP clinic services during these 10 years. Secondly, clinics have multiple funding streams that support reproductive health services such as STI testing. Some FP agencies may shift service mix based on the availability of other resources, such as clients' insurance coverage or eligibility for other federal programs where direct care and STI services could be reimbursed.
Acknowledging that young female FP client chlamydia trends have stabilized or even increased, Region X IPP has modified some program practices. FP clinics have expanded their outreach to men and their male client STI services. They have also enhanced services to women-e.g., re-screening of chlamydia-positive clients three to 12 months following initial infection and use of expedited partner therapy. Finally, in 2009, Region X IPP began collecting one sexual network measure, asking clients if their sex partners had concurrent partners.
Limitations
Our study's limitations include the following: (1) potential misclassification of client race/ethnicity, affecting group designations; 42 (2) technical constraints involving ABSMs-i.e., we could not operationalize population-level measures at smaller aggregate units, nor could we generate more detailed race-specific ABSMs or assess temporal changes in areal measures; and (3) exogenous factors (e.g., clinic population changes, testing frequency, and variation in screening coverage) that could have affected STI trends. 43 Methodological issues have also been raised about modeling population-and individual-level measures, and interpreting multilevel results. [44] [45] [46] [47] [48] [49] [50] [51] Finally, our results cannot be applied to FP female clients from other settings or the general population.
CONCLUSIONS
Racial/ethnic disparities in chlamydial infection have been found throughout the Region X IPP FP program for more than 20 years. Differences in positivity between white and nonwhite young female clients have fallen somewhat, but this improvement is a function of increasing chlamydia diagnoses among white clients. Based on incorporating population-level ABSMs using Census data at the ZCTA level with individual-level test records, our results are not consistent with positing a role for client SEP to account for chlamydia positivity within racial/ethnic minority groups or racial/ethnic disparities in general among young female clients screened in Region X IPP FP clinics. Race/ethnicity was not a marker for socioeconomic factors potentially related to this STI. However, racial/ethnic populationlevel measures were associated with chlamydial infection among black and Hispanic clients, suggesting that other social determinants and sexual network indicators may play a role in racial/ethnic disparities for chlamydia. Regardless, individual-level measures such as prior STI history, sexual risk behaviors, and clinical findings were more useful for explaining chlamydia positivity. Where these individual-level measures are not available, as in most other regional IPPs, then our general approach applied to ABSMs from U.S. Census 2010 tables could be useful in exploring STI gradients for these population-level measures. To the extent that chlamydia gradients exist for one or more populationlevel indicators, then programs could implement more systematic testing and effective case finding in this priority client population.
